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1.  roKPOSE 

The  puf^se  of  thle  eohtxttet  is  to  provide  a  e0n$rehen8lve 
feasibility  study^  evolve  a  desiip  plan,  and  develop  a  ground  staEe  em- 
plaeement -retrieving  device,  capabilities  of  the  device  should  include 
enplacement  and  retrieving  of  the  gp-112/g  and  GP-II3/G  Ground  stahes 
idthin  one  minute  in  various  e^cified  soils  (I-I/2  minutes  in  darkness)  # 
other  limitations  are  velgbt,  25  pounds,  length  42  indies  and  be  non- 
ej^ndable. 

The  purpose  of  the  vork  conducted  during  the  second  quarter 
has  been  to  conduct  a  design  study  for  the  ai^roach  reconmended  at  the 
completion  of  ihase  1  the  ballistic  la^ct  haniier.  The  engineering 
data  developed  IS  to  be  sufficient  to  permit  formulation  of  a  design  plan 
for  fabrication,  developnent  and  test  of  operating  models. 
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II.  ASSTRACT 

A^lysis  of  detail  design  ^fametefs  has  been  oondactedi  In¬ 
tensive  background  investigation  had  indicated  that  there  were  no  rafid 
enqplacement  retrieving  devices  devel(^ed  at  this  time  which  were  cap^le 
of  satisfying  signal  corps  requirements.  At  the  coiqpletlon  of  Fbase  1 
AAI  bad  recommended  that  a  ballistic  in^ct  device  be  considered  in  greater 
detail  as  it  appeared  to  show  the  greatest  promise  of  satisfying  the 
perfoxnance  parameters  established.  USAEIADL  concurred  in  this  recommenda¬ 
tion  and  detail  design  wd  experimental  work  ms  conducted  ^  A  design 
concept  has  been  developed  to  permit  maximum  energy  output  within  the 
tolerable  recoil  limits  dictated  by  human  engineering  factors .  The 
optimum  piston  weight -velocity  relation  Is  being  developed  as  the  result 
of  ballistic  tests.  Design  calculations  are  shown  which  establish  the 
range  of  ballistic  Characteristics  as  well  as  stress  analysis,  kinematic 
analysis,  and  life  cycle  smalysls  mere  applicable. 

In  addition  to  the  prlmazy  design  objectives  related  to  actual 
performance  of  the  device,  factors  of  produclblllty,  availability  of. 
materials,  ease  of  handling  and  incorporation  of  standard  components 
have  also  been  considered* 
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III.  fOBUCAflONS,  &  coim^c^ 

SurlQg  tbe  n^xlod  covered  by  tbii  re^^rt,  two  eonferences 
oeeiirred  between  rejpreBentatlves  of  and  a/^  >  On  I9  Oetobeir  19^ 

USAil^^  was  visited  by  r.  g.  Strickland,  to  review  tbe  Ganges  to  the 
first  quarterly  report  iuad  to  review  the  dxeift  of  the  fhase  1  report. 

On  3  Seceniber  19^  R.  Lione  and  R.  J^inson  visited  A/^  to  re¬ 
view  work  to  date.  The  desicpn  layoat  weis  examined  and  suggestions  received 
coneemlng  several  detail  eonsidexations.  Four  test  firings  with  the 
balHstie  test  model  were  demonstrated  at  the  same  time. 

During  this  period  formal  aj^roval  of  the  First  Quarterly 
Progress  Report  ^  AAI  Engineering  Report  2643,  was  received  and  distribution 
was  made  per  the  list  supplied  by  USAHRDL.  Ihe  Ihase  I  report,  AM 
Engineering  Report  2653  ,  was  delivered  on  sOhedule.  In  addition  two 
monthly  progress  reports  have  been  prepeored  and  delivered.  These  Were 
AAI  Engineering  Report  2792S  covering  the  period  21  September  through 

20  October  19^  >  and  aai  Engineering  Report  279%  covering  the  period 

21  October  through  20  RoveiA)er  1962. 
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IV  FACTUAL  DATA 

A.  Desl^  DdSGS^ption 

Conelusldns  drawn  frdm  the  First  (^rterly  Progress  Report 
have  led  to  the  preliminary  design  of  a  semi-automatic  ground  stcdu  em¬ 
placement  and  retriSA^ng  device. 

Basically  i  the  device  is  powered  by  standard  grenade 
cartridges  of  the  caliber  30  carbine  fired  with  the  standard  carbine 
action.  By  cutting  off  the  majority  of  the  barrel  of  the  rifle  and 
threading  this  section,  it  is  easily  adapted  to  a  piston  type  impact 
hammer.  The  carbine  action  permits  semi-automatic  operation  after  merely 
inserting  a  clip  of  cartridges  which  are  self -feeding  and  self -ejecting 
hand  chargihS  the  first  round. 

Approximately  15,000  psi  pressure  drives  a  piston  to  de¬ 
liver  500  ft. -lbs.  of  enerey  to  the  atabe.  This  energy  level  was  selected 
after  considering  the  recoil  effects  on  the  operator.  A  maxiimns  tolerable 
recoil  level  of  8  lb. -sec.  was  assumed  with  a  2-pound  piston  to  yield 
500  ft. -lbs.  of  energy.  After  impacting  the  stake  the  remaining  piston 
velocity  la  buffed  to  absorb  most  of  the  high  impact  forces  transmitted 
to  the  hammer  housing.  A  light  spring  returns  the  piston  to  the  battery 
after  the  gases  have  e^diausted  through  the  exhaust  ports. 

ghortly  after  the  piston  completes  its  power  stroke,  the 
spent  ease  is  extracted  and  ejected  by  the  bolt  recoil  action.  At  tMs 
time  the  high  pressure  gases  have  ported  to  the  large  ehanber  volume  and 
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exliaast  ^ss^es  to  ht  vented  through  mufflers  to  tbe  atmos^ere.  ^nt 
ease  ejeetlon  oceu^  during  the  holt  recoil.  AS  the  holt  counter  recoils 
it  strips  idle  ne^  round  and  feeds  it  into  the  chanheri  ihe  next  round  is 
fired  after  depressing  the  trigger  and  pushing  the  haimier  to  seat  fully 
on  the  stalse.  A  safety  device  is  incozporated  prohihlting  firing  the 
next  round  until  the  operator  exerts  sufficient  force  to  seat  the  hamner 
on  the  stake.  TMs  is  done  to  assist  in  miniiiiizing  the  eountezrecoil 
effects  and  assure  proper  haosier^stake  orientation. 

shock  absorbing  hand  grips  are  provided  for  the  comfort  of 
the  operator.  Trigger  mechanisms  and  safeties  can  he  operated  with 
mittens,  some  difficulty  may  he  ohserved  ejecting  the  spent  round  clip 
with  mittens,  hut  provisions  for  replacing  the  small  detent  are  being  made. 

No  clear  solution  to  the  extraction  technique  has  been  de« 
veloped  hut  several  possibilities  are  evident,  in  Soft  ground  several 
hammer  blows  to  the  side  of  the  stake  may  compress  the  ground  to  widen 
the  emplacement  permitting  easy  extraction,  in  the  case  of  solid  frozen 
ground,  permafrost,  etc.,  a  cantilever  pivot  may  he  adopted  to  the  side 
of  the  haamier  to  deliver  the  blow  igpwar  i 
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B.  Operating  Parameters 

The  emplacefflent-retrleving  device  is  to  be  designed  to 
emplace  Groiind  Stake  QP-112/G  in  permafrost,  ice  and  hardpan,  and  emplace 
Groi^  Stake  GP-II3/G  in  5  specified  normal  soils.  Emplacement  and  re<^ 
trieving  times  should  not  exceed  1  minute  in  daylight  or  1-1/2  minutes  at 
night.  A  maximum  weight  of  25  pounds  and  length  of  42  inches  should  not 
be  exceeded  assuring  a  light  compact  device. 

In  addition  to  these  design  factors  the  human  engineering 
aspects  involved  in  manipulating  the  tool  with  both  stakes  has  been 
considered.  The  positioning  of  the  tool  with  respect  to  the  stakes  has 
been  determined  with  respect  to  a  human  operator's  reach  and  strength. 

Consideration  has  been  given  to  reduce  noise,  eliminate 
flash  and  operate  safely  and  simply.  Components  are  not  complicated  nor 
delicate  or  expensive.  The  bolt  action  has  the  most  moving  parts  but  is 
a  well  proven  service  accepted  item. 

With  these  considerations  in  mind  a  preliminary  design 
analysis  has  been  made  in  an  attempt  to  present  a  design  plan  at  a  later 
date  for  fabrication  and  testing.  The  following  sections  describe  the 
areas  of  design  considered  and  areas  remaining  to  be  more  fully  covered. 
Certain  design  changes  will  become  evident  as  the  various  components  are 
tested. 
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C .  Inteildz'  BalUstlei 

Certain  deelred  design  ^raneters  for  the  in^et  hsanier  vili 
prescribe  the  associated  interior  ballistics ^  These  paraiseters  include: 

1.  Bsamer  ener^  retired 
2>  MaxioAM  allowable  pressure 
3.  Maaciaum  desired  eadiaust  pressure 
U.  Piston  area 

The  piston  enere^  is  derived  thermodynegBically  frotB  extresiely 
hot  propellant  gases  ^  The  nagnitude  of  pressure  created  in  a  fixed  volume 
by  a  given  propellant  is  described  by  the  propellant  iapetus  as 
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=  initial  volune 
W  B  vbrk  output 

y  =  ratio  of  specifie  heats  of  Proliant  gases 


fti«lbs. 


From  the  adlshatic  relation 


^-h\r 


Cooibining  equati^s  (2)  and  (3) 

J  („ 

12(y-l) 

substituting  CF  for  Pj^Vj^  and  describing  the  vork  done  as  the 


kinetic  energy  of  the  hammer. 


1/2  vT 


-(^ri 


idiere 


m  =  mass  of  haimier 


V  velocity  of 


slugs 
ft  ./sec. 


One  final  relation  is  the  volume  expansion.  Fart  is  due  to 
the  piston  movement  suid  part  due  to  the  haanner  itself  as  it  recoils  • 

V  =  Vj^  +  A(X  +  Xj)  (^) 


uhere 


A  B  piston  area  in. 

X  =  piston  Boveaent  in* 


-  hammer  movonent  in. 
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Fxm  the  edhaex^ti^  of  atomentum  the  veloeil^  of  the  hammer 
ijlll  he  related  to  the  piston  by 


* 


(7) 


Similarly  the  travel  will  be 


Then  equation  (6)  ean  be  written 

®p 

V  =  V,  +  A(X  +  ^  X) 

1  DL, 


(8) 


V  ^  Vj^  +  (1  +  )  AX 


(9) 


Equations  (5)  and  (9)  relate  the  derived  piston  ener^  from 


a  given  charge  weight  at  a  given  piston  stroke,  x,  measured  relative  to  a 
fixed  axis.  The  following  table  is  prepared  assuming  a  haomer  piston  with 
a  l^lnch  drive  diameter  and  an  initial  volinBe  in.  •  Using  the 

standard  cazbine  grenade  ean?tridge  as  the  power  source  provides  SO  graizis 
of  propellant.  The  impetus  is  estimated  as  F  =  3Q0>0QO  ft. ..lb. /lb.  corres' 
ponding  to  a  peak  presstxre  of  ^,000  psi  in  the  locked  shut  condition. 

This  pressure  seldom  occurs  as  the  piston  usually  moves  creating  a  larger 
volTsne  when  all  the  propellcmt  is  burned.  None  of  the  energy  is  lost  by 
ass\SBing  all  binding  occurs  in  the  initial  volume  but  the  peak  pressure  is 
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Bometfaiag  less  tlian  Indicated  at  Ea^losive  ordnance  ex^rience  shom 
that  this  type  propellant  usually  bums  in  .2  >  ^3  millisecond  and  from 
the  pressure -travel  curve,  a  fair  estimate  of  the  peak  pressure  can  he 
Obtained  on  the  aMahatlc  es^ansim  curve  < 

Increments  of  time  are  Obtained  over  small  travel  Incre¬ 
ments  using  the  mean  velocity  over  that  incremmt^  The  haimBer  veic^  23 
pounds  and  the  piston  2  pounds » 


flhle  of  caleulatioas 
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This  data  is  plotted  in  Figure  2  vlth  the  estlnmted  time* 


pressiure  trace.  The  travel  is  relative  to  the  haomer  equal  to  (1+  «£)X 

'  ^  "h  ' 


and  detendne's  the  actual  distance  required  by  the  piston . 


Kinenatle  ApaStysis 

Sef6z«  extmetion  of  a  cartridge  case  can  occur,  sufficient 
time  must  have  elapsed  or  e^ractlon  will  occur  under  excessive  pressure  < 

For  this  reason  a  kinraatic  analysis  is  usual3y  conducted  of  the  cyclic 
action  to  insure  proper  extraction  tlmCi  in  addition,  reasonahle  impact 
velocities  must  he  maintained  to  assume  stress  levels  below  that  for  the 
design  life  of  the  various  components ^ 

Figure  3  depicts  the  9  cyclic  events  dui^eg  the  srai- 
automatic  holt  action  of  the  u.  s.  caliher  30  carbine  used  in  the  ground 
stake  device  i  Following  is  the  related  analysis  with  the  numerical 
evaluation  for  the  preliminary  design  data.  Such  parameters  as  the  pressure- 
time  function,  spring  rates,  recoiling  masses  and  functional  operations  are 
Subject  to  change  after  preliminaxy  testing. 

iSie  analysis  has  arbitrarily  set  the  initial  time  equal  to 
zero  and  the  time  relation  is  Just  for  that  event  with  the  total  time 
being  the  sum  of  the  preceding  event  times.  All  symbols  refer  to  the 
individual  event. 
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Section  Q  -  Station  1 

As  the  gas  pressure  comes  In  contact  vlth  the  recoil  piston  face 
It  forces  It  rearmrd  against  the  operating  slide  and  coopxesses  the 
grating  slide  spring.  The  pressure-tine  curve  Is  fatten  as  an  e3$on- 
ential  efuatlon  approxiinating  It  ttathenatically  as 

P  ^  e  (1) 

since  there  is  an  associated  rise  tine  that  the  ea^nentlal  pressure 
/  decay  cannot  account  for,  the  initial  tine  is  selected  as  one  haU  the 
rise  tlnei 

The  equation  Of  notlra  of  the  Small  recoil  piston  Is 


vhere  A  s  recoil  piston  area 

h  «  pressure  decay  e^qponent 
Pg  ^  operating  sprlng'preload 
k  =  operating  slide  spring  rate 
n  s  reeolUng  mass 
pQ  ^  presevure  decay  coefficient 
t  =  tine 

X  s  piston  recoil  travel 
X  =  piston  recoil  velocity 
X  =  piston  recoil  acceleration 


in^see. 
in. /sec* 
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Eipating  edefflej.ent8  of  like  texfii 


k 


m 


mr  +  k 


From  equations  (8)  and  (12) 
B  . 


B  = 


AP  b 
■  o 


y-" 
(mb  + 


Fxom  equatiotm  (6),  (11)  and  (12) 


c  = 


c-!k- 

c  -  ^ 


mb^  +  k 


m 


Hence  the  solution  to  equation  (2)  for  the  displacement  of  the 


piston  is 


X  = 


AbP^  slnV¥  t 
0  m 


AP^  /T  AP„  F„ 

+  -  "  g  -  Ocosyg  t  +  *  *  "E 

-  mb-+k  ^  ®  i*"+k  * 


'+k)  vk/m 

Equaticm  (7)  describing  the  velocity  is 


*  ““Vi  *  ' 
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Station  1  to  Station 


After  the  piston  l^rasts  and  accelerates  the  ^^ratlng  sUde  for 
a  Small  distance  It  rams  a  stop  and  the  Inertia  of  the  operating  slide 
carries  It  to  cam  open  the  bolt^  This  extracts  a  cert^n  amount  of  energy 
in  rotating  the  holt  to  unlock  it^ 

Differentially 


m  X  =  +  kx)  (If) 

share  ”  ^o  ^1 

a  total  travel  of  piston  in  Indies 
X  »  additional  travel  of  operating  from  past  x^  In  Inches 
m  >  recoiling  mass  (less  piston)  slug«ft./ln^ 


Equation  (If)  has  the  general  solution 


B  sln\ 


It 


+  C  COS' 


It 


p 


Axhltrarily  t^, 

F, 

0  =  B(0)  +  C  - 


Differentiating  equation  (19)  vlth  x  =  x^,  t^ 


(19) 


(20) 


(22) 
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Nation  2  to  Statlbn  ^ 

At  statlcM  2  the  holt  baa  a  kinetic  energy  of 
/  (i  a  x|) 

At  station  3  this  energy  is  decreased  hy  coa^ressing  the  slide 
spring >  inparting  a  rotational  velocity  to  the  holt,  and  cocking  the 
haomer^  This  energy  is  eguated  to  the  slide  enert^  as, 

2 

aif^  +  4  +  (Fg  X  +  i  toc^)  +  |  (^h  *'  +  i  i»ig  (25) 

Equation  (25)  has  a  dise^tinaous  value  at  x^,  and  must  he  used 
for  x»Q  since  and  (J-g^  are  zero  at  x^,  hut  x  is  not  zero. 

For  the  holt  rotation,  the  angular  diivlaceaent  is  related  to 
the  slide  translation  hy  as 

«B  •  * 

Slailarly  for  the  haaaer, 

"  ^2 

^Ti  "  ^2  i 
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Approximating  the  banaiier  ^rLog  moti^,  i^ieh  ii  very  imall  ^ring 
bolt  unlocking  by 

Xg  =  C^x 

Because  of  the  small  conpression  of  the  hammer  spring  during 
2 

bolt  rotation  term  ^  k^'  is  neglected  ^  Substituting  the  geottetncal 
relations. 


4  mx  +  i  ig  c|  X®  +  (P^  +  i  kx*^)  +  iigC|  i*'  +  Pg  Cj  X  s  i  mi| 


or 


g  i  mx^  -  (P«  +  P  G*)x  *  I  iQt^ 

^  - 2  E  ,3_  .  ^  0) 

im  +  i  Ig  4  i  c| 


(26) 


4 


Let 


^  m  4  i  *  ^h  4 


b  = 


i  m  4  i  IgC|  +  i  Ig  C| 


c 


_ _ 


Integrating  equation  (26)  for  the  time  involved: 


Sin 


*1  gcx  4  b 


vr 


ac  +  b 


(27) 


Equation 


can  'be  written  fof  the  sMde  veioeity  duflng 


unlocking  as: 


X  =  “a  *  hx  »  ^ 


Station  3  to  station  k 

At  this  ^int,  station  3>  the  slide  has  fully  unlocked  the  'bolt 
and  the  recoiling  mass  is  increased  'hsf  the  mass  of  the  holt  and  spent 
cartridge  case^  Assuming  no  energy  losses  during  impact  the  instantaneous 
change  in  recoil  velocity  Is  Obtained  from  the  momentum  relation  > 


^  ^  S  [mTmpnr] 


Letting  m^  s  m  m^  +  m^  the  Slide  continues  compressing  the 
hammer  spring,  cocking  the  haianer,  and  compressing  the  slide  spring. 
From  the  conservation  of  energy 


I  m^  +  (Fg  X  +  I  kx^)  +  ^  ^  ^hp2  *  ^ 

2 

i  “3  ^  -  (F3  +  5'p  ^3)*  "  ^  ^  ^3^  ^ 

X'^  =  1—  J  1  i'  „  ~ _ 1 . ^ _ 

L.*  ..  ^"3*3* 

9  ^  - - - g--  -  - 

im^  +  i  i^g 
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c|) 

i  m3  +  ^  IfiCl 

Integfatlag  etaation  (30)  and  solving  for  t 


■^1-“ 


-1  2cx  +  i> 


VT 


-  Sin 


-1 


ae  +  b 


Vb2  1 


For  the  veloeity 


-  vr: 


hx  «  ex 


(32) 


station  4  to  Station  5 

At  station  4  the  hanmer  Is  fully  cocked  and  the  spent  ease  is 
ejected.  Ihe  energy  transferred  to  the  spent  case  is 

i  'c  4  ^ 

vhere  C|^  relates  the  angular  aiXl  translational  motion  of  case  and  sUde. 
Extracting  this  energy  frcm  the  total  energy  with  the  change  in  mass  to 
obtain  the  new  slide  velocity^  x^  at  station  4, 

i  ®3  *1  -  i  Ig  e|  ^  i(m  +  m^)  x^®  +  i  »,. 
where  Ci.  Is  the  ejector  location  measured  on  the  case  radius.  Then, 


(33) 
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After  the  spent  ease  is  ejected  the  bolt  and  slide  continued 
under  inertia  to  the  end  of  the  stroke  eonpressing  the  slide  spring. 
Therefore  calling  =  m  + 


“U  *  =  ^(h  * 


..  k 

X  +  -  X  =  »  ~ 

mi.  % 


The  general  solution  to  equation  (32)  is 


X  t,  B  sin  t  +  C  cos  t  .  ^ 


Arbitrafliy  x  =  0,  t  =  0,  *  4j^ 


0  a  B(0)  +  C 


x  =  B\/^cos\/^  t  *c  Sinv/^  t 

^  mu  *  mj,  nj^  » 

4^9^  .CyC  (0) 

’  ®u  % 


Equation  (35)  is  therefore 


"h  t  *  -Y  (1  *  cosVk/n^  t) 
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Tile  veioetty  at  iiq^et  la 

s  4^  cdaV  i0^  t  »  V5^  slnVi^  t  (37) 

Cation  (37 )  coqpletea  tbe  bolt  opening  ^cie  at  the  fully 
eoapKBaed  station,  it  now  renaina  to  deteniine  the  eloaing  ^ele.  di^ 
the  enexgy  atoi^  in  the  aUda  iq^ng  la  aaauiied  to  be  rettuead.  Bshound 
enexigf  uaually  ia  kept  to  adniBUi  i^aultieg  in  lowiir  iivaet  atresaea  and 
loiiger  coiqponent  eyela  life. 


Station  $  to  Station  6 

file  aquation  daaeribing  the  bolt  and  allde  iratusrn  to  the  point 
of  beginning  to  strip  tbs  round  is 

X  a  f  ^  kx 
i-  <•  k/.^  X  . 

The  solution  to  equation  (37)  is 

X  w  B  sin  Vk/Bi^  t  +  C  cos  Vk/B|^  ^  ^  (39) 


For  tfO,  x«0,  and 

Fe 

0  •  b(q)  +  c  + 


Differentiating  equation  (3^)  lAth  the  aeeond  boundazy  condition 
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X  =  B  ebsV  k/iUj^  t  »  G  Vk/®!,,  Bin  V  k/aj^  t 

0  =  B  V  kAj^  *  C  VV®4  (0) 

B  =  0 

Substituting  the  constant  vakues  etuation  (3B)  becoBieB 
X  =  «i|  (1  -  cos  Vk/lBjj^  t) 

k  =  Vk/njj^  Bin  V  t 


Station  6  to  Station  7 

At  Station  6  the  aaBs  of  the  next  round  is  added  to 
and  slide  reducing  the  velocity  to  as 


As  the  round  is  string  froD  the  case  a  constant  stripping  forc< 
overeone  due  to  the  frictional  resistance  of  tiie  round  and  clip. 


m  + 


X  ^  Fg  ^  kx  .  F, 

X  +  k/mg  X  =  (Fg  -  Fj)/mg 
^e  solution  to  aviation  (^3)  is 
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(40) 

(41) 

bolt 

(42) 

must  be 
Calling 

(’>3) 


Tbe  equations  of  motion  during  Stripping  are 


Station  7  to  j^tlon  8 

After  the  round  Is  rasTOd  to  hattezy,  the  holt  Is  rotated  and 
locked  during  snail  slide  travel.  From  the  conservation  of  energy 
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station  8  tQ  Stetlon  9 

The  sllle  is  nov  accelerated  by  the  drive  apring  for  an  additional 


small  strolw>  then  engages  the  recoil  piston.  T^e  equation  Is  derived  for 
the  entire  stroke  neglecting  the  diange  in  mass  as  It  pl<^  np  the  ssnU 
piston. 
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wd  the  solutldn  is 


Pop  t^>  X  =  hence 

h 

0  =  b(o)  +  G  + 

G= 

=  B  Vh/»  •  G  Vk/m  (0) 


X  =  -ssssr^  Sin 

y . 

and  *  ®  ^  cosV  h/m  t  +  ~ V h/n  slnV"^  t  (52) 

Equations  (l)  tlmingh  (5^)  describe  the  kinematic  relAtionshlps 
of  the  caliber  3Q  eazbine  rifle  senl^tocaatic  action  used  in  the  ground 
stake  eDplaeement<^retrieving  device*  Following  is  the  numerical  evalua* 
tion  of  the  time  to  travel  from  one  station  to  ne^  and  sumaarized  to 
provide  a  time  displacement  curve  of  the  otperating  slide*  This  data  will 
assure  safe  case  extraction  at  a  time  when  ^e  gas  pressure  is  sufficiently 
low* 


t  + 


4(1- 


cos 


m  t) 


(51) 
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iiaitterical  Evaluation 


EquatldQS  (l)  through  ($2)  have  been  used  to  evaluate  the  para^^ 
meters  of  interest  for  the  eyclle  operation  of  the  eali  30  rifle  meehanism 
The  pertinent  information  for  each  station  series  is  listed  below: 

A.  station  o  to  station  ! 

li  k  a  operating  spring  constant 
=  2  Ib/in. 

'2k  =  initial  operating  spring  preload 

=  2  lb. 

3-  A  «  recoil  piston  area 
s  .108  in.^ 

4.  m  ^  the  mass  of  the  recoiling  parts 

s  the  mass  of  the  recoil  piston^  spring  guide>  and 
operating  Slide 
=  1.35  X  10’^  slugs-ft./in» 

3-  ^  pressure  decay  coefficient  appearing  in  the  ex» 

ppnential  pressure  .-time  relation  approximation 
=  l6,000  psi 

6.  b  a  constant  appearing  in  the  esqpenential  pressure^ 

time  rslation  approximation 
=  .67  X  10^  sec."^ 

7.  distance  from  Station  Q  to  Station  1 
=  3/16  inch 
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t  =  time  for  recoiling  parti  to  travel  from  Station  0 
to  Station  li 

=  velocity  of  recoiling  parts  at  Station  1 

B.  Station  1  to  station  S 

1.  k  =  2 

2.  «  q^rating  spring  preload 
=  2.375  ib‘ 

3.  «  the  mass  of  the  spring  guide  and  operating  slide 
=  1.30  X  10"^  slugs -ft/in. 

4.  Xg  s:  distance  from  Station  1  to  Station  2 

=  3/16  inch 

5.  t  time  for  recoiling  parts  to  travel  from  Station  1 

to  Station  2. 

6.  Xg  =  veloci-^  of  recoiling  parts  at  Station  2 

Ci  Station  2  to  station  3 
1.  k  =  2  lb/i»* 

Fg  =  operating  spring  preload 
=  2.75  lb- 

3,  Dg  s  the  mass  of  the  spring  guide  and  operating  slide 

=  1.30  X  10  slugs -ft/in, 

4,  =  ^stance  from  Station  2  to  Station  3 
-  1/4  inch 
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$,  t  «  time  for  xmeoillng  parte  to  travel  frem  lotion  2 
to  Station  3* 

6^  ^  velocity  of  recoiling  parts  at  station  3 

7.  «  a  constant  relating  the  translation  of  the  slide 

to  the  rotation  of  the  holt 
=  2.09  rad/in. 

8.  Cg  »  a  constant  relating  the  translatiM  of  the  slide  to 

the  rotation  of  the  hsnster 
Cg  =  *712  rad/in* 

9*  a  a  constant  relating  the  translation  of  the  slide  to 
the  corresponding  ccopression  (translation)  of  the 
haainer  spring. 

•  .170  In/in. 

10.  s  the  moment  of  inertia  of  the  holt  about  its  axis 

of  rotation 

=  2.17  X  10"^  Ih^sec.^-in. 

11.  «  the  moment  of  inertia  of  the  hfuner  about  its  point 

of  rotation 

=  l.Of  X  10**^  Ih-sec^-in. 

12.  Fg  =  the  prelnad  in  the  hanner  spring 

^  16  lbs. 

13.  kg  -  the  spring  rate  of  the  hammer  spring 

=  13.6  Ih/in, 


3k 


li  k  =  operating  spring  spring  constmt 


=  2  3^/ln. 

2i  =  the  mass  of  the  ^rlng  guide >  Operating  Slide,  holt, 
and  spent  eartridge  case 


=  li88  X  10"^  slugs-ft/ini 

2 

3.  !»  =  1»05  X  10  lh*sec  *ln. 

n 


4.  Cg  =  *712  rad/itt. 


5.  =  .170  In/ln. 

6i  =  preload  in  the  slide  spring 

F^  #  3.25  lb. 

7.  Fgg  preload  in  the  hammer  Spring 

=  1$.58  lb. 

8.  X|^  =  distance  from  Station  3  to  Station  4 

=  1*7/32  inches 

9.  t  »  tliM  for  recoiling  paqrbs  to  travel  from  Station  3 

to  Station  4 

10.  X]^  »  velocity  of  recoiling  parts  at  Station  4 


Station  4  to  Station  5 

1.  k  =  2  Ih/ln, 

2,  x^  =  the  velocity  of  the  recoiling  parts  at  Station  4 

after  the  ejection  of  the  spent  case 
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3<  Iq  »  the  moneht  of  iheftia  of  the  spent  ease  i^out  its 
point  of  ejeetion 
»  2  X  10^5  ]i«flee®»in. 

4  4  3  the  Bass  of  the  slide  >  guide  >  SM  holt 

=  1.85  X  10“^  slugs-ft/in. 

5.  Fj^  s  the  pjcoload  in  the  slide  spxlng 

»  5-89  ih. 

6.  x^  =  the  distance  fxom  Station  4  to  Station  5 

=  1-1/16  inch 

7.  t  a  the  tlBe  for  the  recoiling  parts  to  travel  froB 

Station  4  to  Station  $, 

8.  x^  «  the  Velocity  of  the  recoiling  parts  at  Station  5. 

F.  Station  5  to  Station  6 

1.  k  -  2  Ib/ln. 

2.  B^  the  aass  of  the  slide,  guide,  and  holt 

=  1,85  X  10^^  aluga-ft/in. 

3.  F^  ^  the  preload  in  the  slide  spring 

»  6.82  lb. 

4.  xg  >  the  distance  from  static  3  to  Station  6 

s  1-1/16  inches 

5.  t  the  tioe  for  the  recoiling  parts  to  travel  fron 

Station  5  to  Station  6 


I 

I 

1 


;i 

;i 

] 

I 

1 

:i 
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Xg  =  veleelty  of  the  zeeoillhg  j^fbi  at  Station  6 

Station  6  to  Station  7 

1.  k  =  2  Ih/in. 

2i  =  the  velocity  of  the  x«eOiling  paxts  at  Station  6 
after  the  eddltion  of  the  cartridge  mais. 

3 4  =  force  to  atrip  one  cartridge  froD  the  magazine 

=  4  Ih. 

4.  Mg  a  the  mass  of  the  slide,  gaide>  bolt  and.  cartridge. 

5.  Fg  s  the  preload  in  the  slide  spring 

=  5*69  ib. 

6.  a  the  distwixce  from  Station  6  to  Station  7 
m  .23  inch 

7.  t  =  the  time  for  the  recoiling  parts  to  travel  from 

Station  6  to  Station  7 

8.  a  the  velocity  of  the  recoiling  parts  at  Station  7 

II,  Station  7  to  Station  6 

1.  k  -  2  K)/in 

2.  m,^  =  the  mass  of  the  spring  guide  and  operating  slide 

a  1,30  X  lO”^  slugs-ft/in. 

3.  Fj  =  the  preload  in  the  slide  spring 

-  3.25  lb. 
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-  2il7  X  10"^  n)»aec^-ln. 

s 

5.  =  2id9  rad/in. 

64  Xq  •  tbe  dlBtaan!^  fxm  Station  7  to  Station  8 
»  .25  in. 

7.  t  a  ttae  time  fox*  the  xacoiling  pa^s  to  tnvel  fron 
Station  7  to  Station  8 

8<  ±Q  =  the  veioeil^  of  the  recoiling  parts  at  Station  8 

H.  Station  8  to  Station  9 
1.  k  «  2  lh/in« 

2i  a  the  isasi  of  the  spring  guide  and  opsrating  slide 
a  1.30  X  10“^  slugs^ft/in. 

3.  7g  a  the  preload  in  the  slide  spring 

=  2.75  lb. 

U.  a  the  distance  from  Station  8  and  Station  9 

5.  t  a  the  time  for  the  recoiling  parts  to  travel  from 

Station  8  to  Station  9 

6.  kp  a  the  velocity  of  the  recoiling  parts  at  station  9. 


38 


AiRGRAFT'  ARMAMENTS,  Ino. 


y 
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giinmiAry  Qf  Bolt^Slldc  Secoil  aM  C^lfjaetQil 


Station 

fnlillsec.) 

*1 

t 

(mllllseci)^ 

X 

^Inehes) 

X 

(ft/sec) 

0 

.1 

0 

0 

1 

•tu 

.1675 

55•»^ 

2 

•2o 

1.02 

.375 

55.3 

3 

•39 

1.4l 

.625 

52. 1^ 

U 

2.80 

i».2l 

1.8W* 

5 

2.51 

6.73 

2.907 

33.5 

6 

26.0 

32-7 

1.81*1* 

6.41 

7 

15. 

1*8.1 

.625 

5.56 

8 

3-5 

51.6 

.375 

6.10 

9 

^^.l 

55.7 

0 

6.70 
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chsfiDary  of  the  paraiaete^  of  Interest  is  foimd  oh  page  39  . 

A  plot  of  the  dliplseement  of  the  recoiling  parts  versus  time  is  shown  on 
Fig;  4  i  Oh  tMs  plot  the  loeation  and  oecurahees  at  each  of  the  stations 
are  indicated « 

It  Should  he  pointed  aat  that  the  tiaie,  t,  vas  measured  «!  ailli^ 
seconds  after  the  cal.  30  cartridge  was  fired «  This  was  done  in  order  that 
the  area  tinder  the  ei^nential  pressure-time  relation  approximation  most 
closely  approaches  that  under  the  calculated  pressure-time  relation. 

From  these  calculations,  it  can  he  seen  that  the  eamning  open  of 
the  holt  is  begun  (station  2)  .921  milliseconds  after  the  firing  of  the 
cartridge,  it  was  calculated  that  .6$  milliseconds  after  the  first 
cartridge  is  fired  the  piston  of  the  ii^ct  hammer  uncovers  the  exhaust 
I>orts.  This  allows  the  exhaust  gases  to  expand  into  the  atmosphere, 
lAilCh  drops  the  chamber  pressure  to  a  safe  extraction  level,  fhe  signifi¬ 
cance  of  this  is  that  the  pressure  in  the  Chamber  is  at  sudi  a  lov  value 
that  the  eidiaust  gases  will  have  no  possibility  of  exhausting  through  the 
Chamber  of  the  rifle  mechanism  either  during  or  after  the  \meanni.ng  (un¬ 
locking)  of  the  holt. 

Note  that  the  initial  Chanber  pressure  of  16,000  psi  was  assumed 
to  act  on  the  recoil  piston.  In  the  actual  meChanima,  however^  the  gases 
must  travel  tln?ough  a  nozzle  hefore  acting  on  this  piston,  wi-^  a  corres¬ 
ponding  considerable  pressure  drop.  This  pressure  drop  in  the  actual 
meChaEiem  will  increase  the  calculated  cycling  time  of  the  mec^inism.  Also 
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friction  in  the  mechanisa  ves  negle^ed  (^th  the  exec^lOn  of  that  required 
to  strip  the  cartridge  from  the  magazine) «  This  friction  in  the  actual 
mechanism  wiii  also  increase  the  calculated  cycling  time  of  the  mechanism^ 

For  these  reasons  it  can  he  stated  that  the  calculated  ^cle  time  is  quite 
lov  coiBpared  to  the  actual  q^cling  time  and  that>  in  the  actual  application, 
the  piston  of  the  impact  hammer  will  uncover  the  esdiaust  port  veil  before 
the  uncamming  (unlocking)  action  of  the  holt  begins  > 
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E.  Weight  Ahalysli 

fhe  velghte  of  the  major  eoopOhehts  Of  the  ia^et  hammer 
have  heen  caloulated  and  are  tahulated  below: 


Item  Weight  (lb) 

caliber  30  rifle  medhaniaa 
including  full  magazine'  '  '  '  '  «  2*66 

Ram  1.95 

Barrel  -  -  3.09 

Flange  at  t^  of  Barrel  -  -  «  -  *  .50 

Chaidber  9.70 

HMidles  -  1.88 

Adaptor  for  targe  Stedce  '  *  2.32 

Adaptor  for  Small  Stedce  -  '  '  '  '  I.90 

The  total  of  all  above  «  23 >69  pounds. 


N01T!:  Ttnroughput  the  remainder  of  the  report  the  terms  "rtmi"  and 
"piston"  are  used  interchangeably. 
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F.  ^reii  Analysis 

^IS  se<rtiioa  &t  the  rej^rt  diicussei  several  exaB^les  of 
what  are  considered  the  most  severe  stress  problems  which  might  be  en« 
Countered  tinder  any  caiditions  of  usOi  Most  of  the  situations  coinsidered 
are  not  likely  to  occur  i^th  any  fretpiency  but  the  fact  that  analysis 
indicates  safe  stress  levels  tinder  i^se  conditions  indicates  a  desirable 
degree  of  safety. 

A.  Barrel 

1.  Ihe  barrel  of  the  io^ct  hammer  mast  first  be  designed  to  tdthstaad 
the  most  severe  condition  dieted  to  be  encountered  in  operation,  fhis 
would  occur  if  the  operator  actuated  the  firing  mechanism  with  the  impact 
haoner  not  positioned  on  the  stidce.  If  this  occurred,  the  barrel  of  the 
impact  hammer  would  be  subjected  to  the  whole  of  the  avedlsble  kinetic 
energy  of  the  piston  (after  energy  losses). 

For  the  purposes  of  analysis,  the  following  assumptions  will 

be  made: 

a.  TJpon  impact  with  the  barrel  flanges,  soiBe  of  the  kinetic 
ener^  of  the  piston  will  be  dissipated.^- ^ 

b.  The  effects  of  the  shoek  abso;i^er8  will  not  be  considered. 
(In  other  words,  the  ram^xorrel  impact  will  be  treated  as  metalotOHsetal. ) 

"Foxnulas  for  stress  fc  Strain;"  Raymond  J,  Roiurk;  Third  Edition;  19^; 
page  331- 
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Qi  Hie  baxrel  metal  abBoxbs  all  6t  the  aj^llBfele  Mnetic  eaex^ 
of  the  xam  as  strain  energy. 

d.  Hie  veioelty  Of  the  harrel  is  zero  at  all  times. 

Hie  kinetle  energy  of  the  piston  at  the  initant  before  inpaet 

(isp  is: 

*  1/2  m^  v/ 

where  m^  >  the  mass  of  the  ram 

T 

«  .0621  slugs 

=  the  veioelty  of  the  ram  at  the  instant  before  impaet 
«  125  ft/see. 

KE^  =  1/2  (.o621)(125)^ 

r 

«  1*85  ft^lb. 

I^pon  impact  aoqie  of  the  kinetic  energy  of  the  piston  will  be 
dissipated.  "Hils  loss  is  most  conveniently  taken  into  account  by  multiply¬ 
ing  ^e  available  energy  by  a  factor  K  —  ." 

For  the  case  under  consideration: 

1  +  1/3  Bu/m  (2) 

K  a  •  _ _ 

(1  +  1/2  m^/mf 


"Formulas  for  Stress  and  Strain;" 
PPS.  331-332. 


Raymond  J.  Roark;  Third  Edition;  195h; 
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libere 


>  the  mass  of  the  hanrei 
•i  4096  slags 
a  the  aass  of  the  xea 
■  aiugs 

K  «  the  enex^  loss  factor 


K  *  .1*62 

*»o«  • 

.  .Ii83(ll8;) 

*lort  •  =3*  «-»• 

The  avallAble  kloetle  exwrgjr  of  iapaet  is  therefore: 

*  ®r  *  ®lost 
-  !«89  «  23h 

KB.  »  251  ft*3hs. 

A 


Accor^UUig  to  assis^lon  3,  all  of  the  avallsible  kinetic  enersr 
of  ii|iaet  of  the  riun  (K|^)  it  conYerted  to  strain  energy  la  the  harrel 

(%). 
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KE. 


inax 


(1) 


«hexe 


»  the  maxlimim  force  in  the  barrel  resulting  fron 
^  the  impact. 

K  =  the  stiffness  factor  for  the  barrel 


3  the  length  of  the  barrel 
s  4  inches 

\  »  the  cross-sectional  area  of  the  barrel 
=  2.36  in.^ 

E|^  m  Voungs*  i4ochilus  for  the  barrel  (steel) 
=  3  X  10^  lb/ih»^ 

,  i,36  »  X  10'') 

#  1.77  X  lo"^  3b/ln. 

A 

I*. 


2  1S,»b 

2(12)  1.77  X  lo"^  (251) 


»  10.65  X  10 

mfUi 


nax 


,10 

326,000  lbs. 


Tin: 


Design  of  MaeUne  Element;”  M,  F.  ^potts,  Ed.,  p. 
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The  haxiral  wll^  he  InifeBtlgated  for  fedlure  in  thi^  areas: 

f 

i 

A^al  stresses  in  the  hazrel 

1 

• 

2.  E^arlng  stresses  at  the  Junetion  hetweem  the  flange  and 
barrel 

' 

3.  Bending  stresses  at  the  Junction  between  the  flange  and 
banel. 

i 

1.  Asdnl  stress  in  barrel  ■ 

1 

»»  ^inax 

1 

where 

A  >  the  eroaa^seetional  area  of  the  barrel 

-  2.36  in.^ 

I 

.  ^  326*000 

1 

-  1.38  X  10^  Jb/in.® 

JIk 

1 

2.  Shearing  stress  at  Junction  > 

1 

F_ 

J  Aj 

I 

where 

K.  m  the  Shear  area  at  'Uie  Junction  between  the 
^  barrel  and  flange 

I 

«TN(2.7)  .6 

-  5.1  in,” 

:i 

■  1 

-K.  3.26  X  10^ 

^j  — 

1 

*1^  -  6,4  X  10^  Ib/in,“ 
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3.  Maximum  bendii^  ^i^ss  at  Junetioa  »  Si. 

J’ 

(Flaxige  tiraated  as  a  plate  with  outer  edge  rigidly  fixed 
and  uniform  pressure  acting  o^r  surface  0 


+  log  a/b 

a^  (m-1)  +  b^(m+l) 


(2) 


where 


W  =  Unit  applied  load 
3^  X  16^  X  U 

1>(2.7^  -  1.4^) 


W  =  78  X  10^ 


3h/ln 


2 


t  *  thldmess  of  flange 
3  .6  inch 


a  ■  outer  radius  of  flange 
-  1.35  inch 

b  »  inner  radius  of  flange 
3  .7  inch 

n  3  l/pplason's  ratio 
^  3-33 


Sj  3  149  X  10^  Ib/in,^ 


.84(2.33)  ^  .96(4.33)  +  .89(4.33) 
1.82(2.33)  +  .49(4.33) 


TIT 


"Formulas  for  Stress  &  Strain;" 
pps.  194  and  199 


Raymond  J.  Roarh;  3^  2d.> 


19^*^, 
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since  4340  he&t-tfeated  iteei  is  used  for  the  barrel  nateriai 

A 

(ultimate  strength  »  SSOjOdd  Ib/ln  )  >  it  can  be  seen  that  the  barrel  vlll 
be  stracturaliy  safe  for  the  emidition  aeseribed.  Note  that  the  energy 
dissipating  effect  of  1^e  shock  absoibers  vas  cosq^letely  neglected^  (in 
other  vordSj  metal-toanetal  lji$aet  vas  assunedO  Also^  it  vas  assuaed 
that  the  raa  transferred  all  of  its  available  kinetie  ener^  to  the  baxTel 
flanges.  Actual^  the  ran  vould  have  a  ^te  considerable  rebound  veloeity 
and  vould  absorb  a  considerable  amount  of  Its  available  kinetic  ener^. 

For  these  reasons  It  can  be  safely  said  that  the  present  barrel  design  vlll 
be  completely  safe  for  any  foreseeable  condition  vhldi  could  be  encountered 
In  operation. 

According  to  the  maxlimin  cyclic  stress  versus  nunber  of  stress 
cycles  curve,  it  can  be  seen  tiiat  the  barrel  vould  endure  nearly  10>000 
stress  cycles  under  this  design  condition.  Under  noznal  operating 
cireuastances.  It  IS  unlikely  the  barrel  vould  be  subjected  to  this  design 
condition  for  this  asuy  cycles. 

2,  itae  barrel  design  vlll  now  be  investigated  vlth  respect  to 
Its  expected  life  under  usual  operating  conditions. 

For  the  purposes  of  analysis,  the  following  asmuptions 

will  be  made: 


^”MixlSQm  Stress  versus  Number  of  stress  (yciee  gv^ve  for  4340  heat» 
treated  steel”  (lAtiaate  etrength«>2^,QOO  lb/ln~)i  International  Nickel 
Co.  "Product  Engineering,”  October  19^3 
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r 

a.  u;^  imiiact  vi-Ui  tlie  ataice>  sdiae  ef  the  Idjuetie  eaexgy 
of  the  Mm  la  diselpated. 

hi  HaM  of  the  availihle  kisetie  enex^  of  the  xam  ie  used 
to  drive  ia  the  etake  and  haM  is  transferred  to  the  harrei  flanges « 

(sffeot  of  shook  ahsoxhers  not  oonsideredi) 

Oi  The  velocity  of  the  barrel  is  zero  at  aH  times  < 
d.  The  imall  hardened  steel  stake  is  being  usedi 

The  idLnetic  energy  of  the  ram  at  the  instant  before  isq^et  is: 
m  «  1»85  ft»lb. 

T 

Upon  in^ct  mth  the  stidce  sosie  Of  the  kinetic  energy  of 
the  ram  vlll  be  dissipated.  "This  loss  is  most  conveniently  taken  into 
account  by  multiplying  the  Idnetlc  energy  (XS^)  by  a  factor  K 
FOr  the  case  tpider  consideration: 

K.1^^3  yst 

(1  +  1/2  m^/n)^ 

vhere  m^  «  the  mass  ^  the  stake 

-  .09  slugs 

m  «  the  mass  of  the  ram 
s  .0621  slugs 

K  =  the  loss  factor;  (83^3^  K(KBy) 

1  +  1/3 

Therefore:  K  « 


1  +  1/? 
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3  •  Maadaum  beading  etrese  at  Junction 


g  (  ^  ) 

^  -mx 

149  X  10^  (IsfeLl^) 
3.26  X  10^ 


103,500  lb/in.‘ 


Ibrough  reference  to  the  maxtimw  cyclle  stress  versus  nuniber  of 
stress  ^cles  curve,  it  can  be  seen  that  the  barrel  would  endure  nearly  one 
ollllon  stress  cycles  \mder  this  condition. 


Again  it  lust  be  pointed  out  that  the  assnn^ions  used  were  quite 
conservative.  It  is  highly  likely  that  in  operatioi  practically  all  of  the 
available  kinetic  energy  of  the  nm  is  transferred  to  the  stake,  with  little 
or  none  transferred  to  the  barrel.  Also  any  energy  about  to  be  transferred 
to  the  barrel  is  decreased  by  the  effects  of  the  rdbber  shock  ahsorbers  and 
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recoil  uprlngSi  In  addltiM  to  *^0,  it  is  not  treneferred  in  metalj^toa 
snetal  contact,  as  vas  assumed.  TaMng  these  factors  into  consideration 
it  can  he  safei^  said  that  the  barrel  of  the  proi^ed  mechanism  safely 
vlidistand  one  million  cycles  of  noinal  operation. 

P.  Piston  of  the  Iii$act  Haainer 

AS  vith  the  case  of  the  barrel,  the  piston  will  be  designed 
to  withstand  the  most  severe  condition  asq^eted  to  be  encoKmtered  in  opera¬ 
tion.  This  lioald  occur  if  the  operator  continuously  actuated  the  firing 
laedianiam  vfaile  attempting  to  dj^ve  the  2.9  pound  hardened  steel  stake 
jUxto  an  impenetrable  medium,  sudi  as  rock. 

The  following  assumptions  will  be  made  for  the  purpose  of 

analysis: 

1.  When  the  ram  inpaets  with  the  stake,  some  of  the  iaqpaet 
kinetic  energf  Of  the  ram  is  dissipated. 

2.  After  impact,  '^e  ram  absoqd}s  all  of  its  available 
kinetic  energy  as  strain  energy,  with  no  energy  txansf erred  to  the  stake. 

3.  No  contact  occurs  between  the  ram  and  barrel  flmges. 

b.  The  velocity  of  the  barrel  is  zero  at  all  times. 

The  klnetie  energy  of  the  ram  at  the  instant  before  impact  is: 

KB.  «  W5  ft-lb. 
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t^pon  in^et  with  the  stake  i(»e  of  the  klhetlo  of  the  rm 

he  dissipated  i  This  loss  is  most  eoavehiently  takeh  into  aeeount  hy 
maltiplylhg  the  avallahle  ene^  (M^)  hy  a  factor  tCi 
For  the  case  under  eonsideration: 

1+1/3  m./m 
"  (1  +  1/2  m^/mf 
K  -  .496 

®l6st  -  241  ft^lh. 

The  available  idnetie  energy  of  iii$aet  is>  therefore: 

KE.  -  244  ft-ib. 

A 


The  rsm  will  absorb  all  of  its  available  kinetic  energy  of 

liQpaet  (assuBgytion  2)  sS  strain  energy. 

Therefore,  KE.  ^  *  244  ft^lhs. 

■  A  r 


U 


max 


where 


F^^  B  the  maxlmun  force  in  the  ran  resulting  from 
—  the  impact 

A_  F_ 


=  stiffness  factor  for  the  rms 


where  L  »  length  of  the  ram 

T 


4  in^es 


A_  m  cross«sectional  area  of  the  ram 
r 
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-  1.23  In  . 


ft  -  Yoimg's  Module  for  the  rim 

T 

-  3  n  10^  ah/in^ 


K  E 
'  r„r 


-  9.^  X  Id'" 


•  l/2iU)  9.^  X  10^(2lA) 
-  13,500  X  10^ 

*  10® 

DBX 


The  iMuclpni  axial  stress  in  the  ram 


11.6  X  10^ 

*  — i.a~’ 

-  9.^3  X  10*^  ah/ln.~ 
(3^  »  9^,300  ah/in.^ 


(steel) 


a 
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The  inatezlal  used  for  the  ram  has  heen  desisted  as  4340  heat** 
treated  steel  (ultimate  stress  «  2^0 >000  ^/ia.  ).  Referenee  (3)  indicates 
that  4340  heat-treated  steel  will  withstand  one  million  stress  cycles  at  a 
maximum  streas  of  102>000  Ib/in^i  The  calculated  maximum  stnsss  in  the  ram 
is  94>300  ih/in^i  The  ram>  lherefore>  will  endium  gaer  one  milMon  stress 
cycles  at  a  maximum  stress  of  ^>300  ib/in  . 

It  should  he  pointed  out  that  the  stress  caleulation  for  the 
ram  is  ^te  conservative^  This  is  hecause  the  ram  was  assumed  to  aibsorh 
all  of  its  kinetic  energy  as  strain  energy,  with  no  energy  (or  force) 
imparted  to  the  stake  or  hammer  frame  (barrel) « 

The  fact  that  the  calculations  indicate  that  the  ram  will  endure 
over  one  million  cycles  of  attempting  to  drive  the  hardened  steel  stake 
into  rock  certainly  indicates  that  it  will  function  satisfactorily  for 
over  one  million  cycles  of  normal  operation. 


C.  Stress  iUialysis  Of  Stakes 

It  Should  be  pointed  out  that  the  stresses  produced  in  the 
stedws  by  the  impact  of  the  piston  were  not  analyzed.  The  reason  for  this 
is  that  althou^  it  is  conceivable  that  the  yield  stress  (or  even  the 
ultimate  strength)  Of  the  stakes'  heads  could  be  exceeded  by  the  impact* 
the  most  important  design  consideration  is  the  tendency  of  the  head  of  each 
state  to  "mushroom"  due  to  the  force  of  the  impact.  This  "onishrooining" 
could  tend  to  Jam  the  state  in  its  guide.  At  this  point  it  is  felt  that 
this  tendency  is  not  considerable*  and*  at  any  rate*  it  would  be  better 
to  analyze  it  «qperteentally  rather  than  analytically. 
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G .  Ebcpex^lmental  Frograa 

A  limited  es^fimental  progzem  has  been  eondueted  and  is  still 
in  p»^x«se.  Atteopts  am  being  made  to  measure  the  maximum  toler^le  re-^ 
coil  a  man  can  sustain^  This  has  a  direct  relation  on  the  mavlmum  ener^ 
that  can  be  delivered  to  the  steiEe  and  on  the  optimum  desi^  of  the  inpaet 
hammer. 

Another  parameter  vhieh  can  reasonably  be  evaluated  is  the 
depth  of  pMAtration  at  the  various  high  level  islets.  Trom  an  average 
penetration  per  blow  an  estimate  of  the  ejected  number  of  rounds  per 
stake  id.ll  be  obtained.  This  may  vary  vlth  the  type  soil  encountered  but 
a  maximum  number  can  be  established. 

Also  of  importance  is  the  amount  of  propellant  residue  from 
each  round.  This  should  have  negligible  effect  on  performance  due  to  the 
abrupt  change  from  a  small  initial  volume  to  a  large  exhaust  reservoir. 
Nevertheless  an  atte^mpt  vill  be  made  to  establish  the  effects  of  residue 
or  vaddlng  deposits  from  each  roux^  and  the  possibilities  of  exhausting 
these  deleterious  effects < 

To  date  the  experiofental.  program  has  been  limited  to  some 
very  basic  drop  energy  tests  as  described  in  the  First  (^rterly  Progress 
Report  and  to  a  siaple  mock-up  device  weighing  2^  pounds  to  establish  re« 
coil  Jump  with  a  3  pound  piston  fired  at  nearly  100  ft. /sec.  Approxissitely 
four  tests  were  made  where  the  piston  was  guided  to  inpact  the  Ground 
Sti^e  gp>i12/g  setting  on  a  sand«>clay  soil.  Penetration  of  ^  to  ^  inches 
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was  obtained  psr  sbot  but  the  roeoll  effect  uaS  to  raise  the  SO^poi^ 
hammer  nearly  3  to  4  ftet  off  the  stake.  By  adding  25  pounds  additional 
weight,  simulating  an  operator's  effort,  the  recoil  was  redueed  to 
raising  the  hammer  4  to  6  inches  off  the  stake.  The  current  configuration 
with  a  ^-iipound  piston  is  expected  to  significantly  reduce  the  recoil 
effects  since  the  momentum  is  reduced  to  about  1/2  that  of  the  5-pound 
piston. 

Future  testing  will  include  the  determination  of  a  reason^ 
able  force  a  man  can  exert  with  the  Ground  Stake  GPb113/G  in  the  various 
positions  of  heights  and  angles  to  resist  and  reduce  recoil  effects. 
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V.  CONCUJSIONS 

Sdriag  this  npoTt  extensive  desl^  analysis  has  ‘been 

conducted  to  establish  the  0)^iiBam  detail  design  fos^  the  ballistic  is^ct 
hanmer.  The  genenl  chaiactei^stics  of  a  device  have  been  develo^d 
although  soae  detail  considerations  raiiain  to  be  established  ^  Linited 
es^rlmental  vorh  tnis  conducted  with  a  ballistic  test  models  Work  is 
continiilng  uii^n  the  design  layout,  additional  tests  and  analysis  should 
be  conpleted  before  the  desl^  plan  is  forBulated.  This  work  IS  being 
performed  at  this  time. 


The  primaxy  consideration  has  been  the  ability  of  the  design 
approaches  considered  to  satisfy  Signal  Corps  requirements  for  an  em¬ 
placement  •^retrieving  device.  Parameters  not  directly  related  to  perfpxiBance 
such  as  flashy  noise ,  human  engineeringy  safety y  logistics y  maintenance y 
and  siisplicity  have  also  been  considered. 


VI.  tROGRjH  Fcn  ma  mtmiL 

Dating  the  next  quatterly  interval  the  following  iteeui  are 
•ebedaled  to  be  aecoiipliebed: 

The  design  analysis  mil  be  oom>leted  and  a  design  plan  foriBa«< 
lated  to  fully  outline  the  design  of  a  developasnt  test  aodel.  Tms  design 
plan  mil  be  prepared  in  rq^rt  fom  and  sidmitted  to  fiftiatjwa.  for  rsmeir 
and  design  approval.  Visualisation  data  consisting  of  artists'  concepts 
of  the  demce  mil  be  prepared  and  delivered. 

Upon  approval  of  design  plan,  voric  mil  be  started  on  fabrica¬ 
tion  of  an  emplacement -retrieving  device  for  develoiiient  tests.  The  scope 
Of  these  tests  mil  be  outlined  in  the  design  plan. 

Monthly  progress  reports  mil  be  prepared  and  delivered  according 
to  schedule. 

Final  copies  of  Second  Quarterly  Progress  Report  mil  be  sOb- 
aitted  upon  draft  approval. 

Draft  of  Third  Qtiarterly  Progress  Report  mil  be  submitted 
according  to  schedule. 


VII  .  IfiMFlCASldN  OF  mt  TiCERICAL  ^RSONREL 

Bzlef  reiunee  of  teehnieal  personnel  lAo  have  cOntrihuted 
to  this  ipfOgrSa  are  shovn  on  the  following  pages. 
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Irwin  R«  Hry.  Vice  Resident  -  Mvelopnent 

Hr.  Barr  is  an  original  menOier  of  AAl> 
first  serving  as  chief  Design  Engineer, 
and  attaining  Ms  present  position  in 
1960.  Between  1952  and  19w>  he  directed 
the  coBpaiiy'i  ordnimee  design  activities 
in  the  capacity  of  chief  ordnance  fiiglneer. 
He  has  had  extensive  es^rience  in  hoth 
Ordnance  and  Mssile  development,  being 
co-inventor  of  viking  rocket  control 
system  and  holding  patents  on  a  vai^ety  of 
ordnance  items,  including  a  vehicle, 
turrets^  bearii^a,  special  fin  stabilized 
aBiainition>  and  several  automatic  guns. 
Outstanding  examples  of  ordnance 
material  developed  under  his  direction  at 
AAI  include  the  Tl75il  Dual  Purpose  Iti^ne 
Oun,  a  series  of  turret>type  cupolas,  and 
the  T92  mm  Gun  Tank. 

Mr.  BaxT  is  a  graduate  in  Aeronautical 
Engineering  (19hO)  from  the  Casey  Jones 
School  of  Aeronautics.  He  worked  for 
tuo  periods,  19hO-l9i^  and  19^‘^1950, 
for  the  Glenn  L.  Nzrtin  Compeoy,  primarily 
in  missiles.  During  the  last  of  these 
two  periods  he  served  in  the  U.  S.  iUmy 
Air  l^rce>  receiving  the  Aroy  coiBiendation 
medal  for  design  of  aircraft  rocket 
iaunChers. 
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Nicholas  J.  LaC6fl1»j  Ifemiiger,  Ei^losive  Ordnance  Department 

Education:  casey  Jones  school  of  Aeronautics,  A^E. 

work  History:  1959  to  present,  Aircraft  Areanents,  Inc. 

Manager,  E:9loslve  ordnance  Department.  Responsihie 
for  directing  and  coordinating  all  activities  of  the  . 
ficplosive  Ordnance  Department.  These  activities 
include  the  study,  design,  development,  test  and 
manufacture  of  ^sterns  and  coovonents  involving 
propellant  actuation,  interior  and  extenor 
haHLstics,  texMnal  ballistics,  kinematics >  gas 
dynamics  and  ea^losive  train  desi^,  applications 
and  feasibility  atudies. 

1951-1959>  Aircraft  Armaments,  Inc. 

Project  Manager  responsible  for  stabilized  amunl# 
tion  development  program,  corporal  warhead  develop¬ 
ment,  a  nuaber  of  eaplosively  actuated  bcab  racks, 
canopy  removers,  thrusters  and  initiators  and  control 
systems.  Recent  responsibilities  also  include  nev 
infantry  weapon  concepts,  recoiUess  rifle  program, 
special  weapons  tools  and  an  automatic  Sequencing 
device. 

1939'’1951>  The  Glenn  L.  Martin  Coogpeny 

Layout  Engineer,  Group  Engineer,  Design  Specialist. 

I93S;  Bell  Aircraft  Coopany*  Layout  Engineer. 

1936-1937>  Consolidated  Aircraft  Conupany.  Xhaftsman. 
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Rlchayi  G.  Senior  Design  Engineer 

Sdaestlon:  City  College  of  New  York,  BiS.>  1953 

university  of  Maryland,  Graduate  work. 

Work  Histojey:  ^36  to  present.  Aircraft  Arnanents,  inc. 

Project  Manager  responsible  for  design  and  develq^nt 
of  tools  and  procedures  for  special  weapons  bandling 
and  disassaabiy,  underwater  tiad.ng  device,  and  special 
devices  for  underwater  recovery  operations.  Design 
of  special  tools  for  reaote  bandling  of  explosive 
devices.  Siuvey  and  study  of  CAD  in  all  u.s.  aircraft 
and  aiiaailes.  Esperuiental  study  of  recoilless  rifle 
internal  ballistics;  study  of  reeoilless  weapon 
optiaization.  Spotting  rcund  developient.  Study  of 
alssile  fuel  spark  coopatibllity.  Development  of  timer 
concepts,  applied  explosives  research.  Desi^  and  de¬ 
velopment  of  underwater  guns  and  ansBunition,  measurement 
of  effects  of  underwater  explosions.  Responsible  for 
development  and  fabrication  of  ML25  Demolition  Firing 
Device  and  associated  test  equipment.  Study  and  develop¬ 
ment  of  wide  area  mine  fuze.  Design  and  development  of 
grcKuid  stake  emplacing  device  and  earth  anchor  concepts. 

195^-1936,  U.  S.  Wavy  Special  Weapons  Disposal  School, 
^cial  Weapons  Instructor.  Nuclear  Physics,  Health 
Physics,  Weapon  Frinclples,  Weapon  Configuration  and 
Weapon  Infects. 

1953  -  195k,  U.  S.  Navy 

Special  Weapons  Disposal  Officer.  Field  test  of 
special  weapons.  Attended  Nuclear  Weapons  Training 
Spools  at  Field  command  AFSWP,  Flcatinny  Arsenal  and 
Lowry  Air  Force  Base. 
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qjhftoaiare  a«  atastny:.  ^aior  Eaglnwr 

idac&tidii:  Geoiegia  Institute  of  Tecbnolo|7i  1958 

Geoirgla  Institute  of  Teebnoloj^,  MME,  1959 

VoA  HlStOfy:  1958  to  pieseat,  Aixeraft  AimSnents,  Inc. 

Responsible  for  anal^ical  and  esq^rlinental  evaluati^s 
of  the  internal  ballisties  of  reeoilless  rifles  and  both 
hybrid  and  soMd-foel  rockets.  Rtudy  and  desi^  of 
various  cartridge  actuating  devices  enployed  in  ejection 
nechanisns,  parachute  deploynent,  and  separation  problems. 
Trajectory,  stabilily  and  aerodynamic  analysis  of  pro¬ 
jectiles  aM  ffin  boosted  ro^ets.  Stress  and  ^cle 
analysis,  including  dynamics  and  kinematics  of  autosiatic 
weapons.  Responsible  for  coapiling  theories  of  detona¬ 
tion  and  es^losive  phenomena,  and  fragmentation  of 
bosibs  and  grenades  for  handbook  usage.  Designer  of 
"Lo  to  Hi  Pressure  Admission  Valve"  of  hot  gases  (tat. 
tend.).  Heat  transfer  and  stress  analysis  of  large, 
high  pressure  flat-end  chemical  reactor,  investigation 
of  underwater  ballisties  on  Mach  0.1  to  0.5  projectiles 
covering  velocity  decay,  vaporization  bubble,  stability 
and  nose  configurations.  Responsible  for  extensive 
literature  survey  and  analysis  covering  teChnitues 
of  rapid  ground  anchor  enplaeement  devices  including 
related  studies  of  soil  mechanics  Si^  soil  properties. 

195^-1958,  Koppers  Conpany,  Inc.,  concurrent  with 
schooling.  Design  and  study  of  gas  cleaning  equipment, 
design  of  gear  teeth  for  coupling  misaligimient,  studies 
of  sealing  ring  and  piston  ring  prcblems. 

Teehnieal  Society:  Member  and  past  officer  of  American  Rodoet  Socie^, 

Maryland  Section. 
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AIRCRAFT  Armaments,  i 


Arthur  C.  Powell,  ^nior  Engineer 

E^eation:  Massachusetts  Institute  of  Technoiog^, 

B^S.  in  MiE.  >  19ltS 

U.  S.  Navy  Eieetronlcs  Kehnician's  Schools, 

I9U4-I945. 

work  Mstoxy:  1953  to  present.  Aircraft  Arnaments,  Inc.  SeMor 

Engineer.  Design  and  test  of  a  parachute  sequencing 
device,  a  hydraulic  power  supply,  recoilless  veapons, 
cartridge  actuated  devices,  a  remote  arming  device, 
escape  astern  components,  l^draullc  timers,  and 
production  tooling. 

1952-1953,  van  Zelm  Associates,  Inc.  Design 
En^neer  on  a  variety  of  aircraft  arresting  gears, 
target  drone  catapults,  and  bridle  arresting 
equipment.  Field  test  engineer  on  aforementioned 
equipment. 

19^9-1952,  FTlez  Instrument  Division,  Bendix 
Aviation  Corporation.  Desicpr  and  test  engineering 
on  numerous  weather,  recording  and  electrical 
instruments . 

19U8-I949,  Industrial  Research  laboratories. 

Design,  construction,  and  test  of  a  filled^ 
bottle  goods  inspection  machine. 


67 


DlSfRIiUflON  LIST 
Addi^as 

Office  of  the  Assistant  Secxetary  of  Defense 
(R&E),  Rm  3E1065 
The  Pentagon 
Washington  25*  D.  C. 

Attention:  Technical  Library 

Chief  of  Research  and  Development 
OCS,  Department  of  the  Ar^ 

Washington  25*  D.  C. 

Commanding  General 

U.  S,  Army  Materiel  Command 

Washington  25*  D.  C. 

Attention:  R^  Directorate 

Commanding  General 

U.  S.  Army  Electronics  Command 

Fort  Monmouth*  N.  J. 

Attention:  A^lr^^AD 

Commander,  Armed  Services  Technical 
Information  Agency 
Arlington  Hall  Station 
ib'lington  12,  Virginia 
Attention:  TISIA 

Commanding  General 
USA  Combat  Developments  Command 
Fort  Selvoir*  Virginia 
Attention:  CDC^fl^ 

Commanding  Officer 

USA  Communication  &  Electronics  Combat 
Development  Agency 
Fort  Huachuca*  Arizona 

Commanding  General 
U,  S.  Army  ElectroGdcs  Research  and 
Development  Activity 
Fort  Huachuca*  Arizona 
Attention:  Technical  Library 
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M#£iss  No.  of  Copies 

Chief,  Ui  Si  Army  SeGOrity  AgenGy  2 

Arllhgtoh  Hail  Station 
Arlington  12,  Virginia 

Deputy  President  1 

U.  S.  Army  Security  Agency  Board 
iU'lington  Hall  Station 
Arlington  12,  Virginia 


Director,  U.  S.  Naval  Research  laboratory  1 

Washington  25 «  B.  C. 

Attention:  Code  2027 

Commanding  Officer  and  Director  1 

U.  S.  Navy  Electronics  Laboratory 
San  Diego  52,  California 

Aeronautical  Systems  Division  1 


Wrlght*Patterson  Air  Force  Base 
Ohio 

Attention:  ASAPRL 

Air  Force  Cambridge  Resec^reh  Laboratories  1 

L.  G.  Hanscom  Field 
Bedfor*  Massachusetts 
Attention:  CRS: 

Air  Force  Cambridge  Research  Laboratories  1 

L.  G.  Hanscom  Field 
Bedford,  Massachusetts 
Attention:  CRXlr.R 

Hq,  Electronic  Systems  Division  1 

L.  G.  Hanscom  Field 
Bedford,  Massachusetts 
Attention:  ESAT 

Rome  Air  Development  Center  1 

Griffiss  Air  Force  Base 
Nev  York 

Attention;  RAAII) 

iffSC  Scientific/Technical  Liaison  Office  1 

y.  S.  Naval  Air  Development  Center 
Johnsvills,  Pennsylvania 


69 


A44rsg8 

Commanding  Cf fleer 
tl.  S.  kcB^  liectroMes  ^feterlal 
Support  Agency 
Fort  Monmouthj  New  Jersey 
Attention:  ^UlS-^ADJ 

Director,  Fort  Monmouth  Office 
USA  Communication  and  Electronics 
Combat  Development  Agency 
Fort  Monmouth,  New  Jersey 

Corps  of  Engineers  Liaison  Office 
U.  S.  Army  Electronics  Research  & 
Development  Inboratory 
Fort  Monmouth,  New  Jersey 

Marine  Corpos  Liaison  Office 
U.  S.  Army  Electronics  Research  & 
Development  Laboratory 
Fort  Monmouth,  New  Jersey 

AFSC  SclentlficAnehnlcal  Liaison  Office 
U.  S.  ibrmy  Electronics  Research  & 
Development  Laboratory 
Fort  Monmouth,  New  Jersey 

Commanding  Officer 
U.  S.  Army  Electronics  Research  & 
Development  Laboratory 
Fort  Monmouth,  New  Jersey 
Attention:  Logistics  Division 
(MARKED  FGR:  R.J.  LIONE,  PROJECT  ENGINESm, 
SEiRA/GDM) 

Commanding  Officer 
U.  S.  Army  Electronics  Research  & 
Development  Laboratory 
Fort  Monmouth,  New  Jersey 
Attention:  Director  of  Engineering 

Commanding  Officer 
U.  S<  Army  Electronics  Research  & 
Development  Laboratory 
Fort  Mbmouth,  New  Jersey 
Attention:  Technical  Doewents  Center 


CoiiiMBdi^  Officer  3 

tl.  S.  Army  Eleetronlce  Research  & 

Development  Laboratory 
Fort  I'lOnmouth^  New  Jersey 
Attention:  Technical  loformatlon  Division 

Commanding  Officer  1 

U.  S.  Army  Quartermaster  Research  & 

Engineering  Command 
Naticky  Massachusetts 
Attention:  AM)^«MSP,  J.  V.  Millard 

Commanding  Officer  1 

U.  S.  Army  Weapons  Command 
Rock  Island,  Illinois 
Attention:  GRDOW-TR 

Commanding  Officer  1 

ti.  S.  Army  Weapons  Command 
Rock  Island,  Illinois 
Attention:  9310,  0.  W.  Marlow 

Commanding  Officer  1 

U.  S.  Army  Munitions  Command 

Flcatlnny  Arsenal 

Dover,  New  Jersey 

Attention:  0RDBB'4)R4,  F>  B*  Tweed 
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